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(54) Antitumor compositions and method of treatment 



(57) This invention provides a series of novel substituted 7H-benzimidazo[2,1- 
a]benz[afe]isoquinoline-7-ones, and the pharmaceutical ly acceptable salts or solvates thereof. This 
invention further provides methods of treating susceptible neoplasms in mammals using these 
7H-benzimidazo[2,1-3]berrz[de]isoquinoline-7-ones. This invention additionally provides novel phar- 
maceutical formulations comprising one or more of the compounds of this invention in combination 
with pharmaceutical^ acceptable diluents, excipients and carriers. 
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In recent years fundamental advances have been made in the development of chemical agents and reg- 
imens of therapy to combat neoplastic diseases. Despite these continuing advances, cancers continue to ex- 
act intolerable levels of human pain and suffering. The need for new and better methods of treating neoplasms 
and leukemias continues to fuel efforts to find new classes of antitumor compounds, especially in the areas 
5 of inoperable and metastatic solid tumors, such as the various forms of lung cancer. Of the one million new 
cases of cancer diagnosed in the United States each year, more than 90% represent non-hematopoetic tu- 
mors, where improvements in five-year survival rates have been modest, at best. B.E. Henderson, et al., Sci- 
ence, 254:1131-1137(1991). 

The recent avalanche of information regarding the basic biological processes involved in neoplasms has 
10 led to a deeper understanding of the heterogeneity of tumors. Ongoing work has led to the realization that 
individual tumors may contain many subpopulations of neoplastic cells that differ in crucial characteristics 
such as karyotype, morphology, immunogenicity, growth rate, capacity to metastasize, and response to anti- 
neoplastic agents. 

It is because of this extreme heterogeneity among populations of neoplastic cells that new chemothera- 
15 peutic agents should have a wide spectrum of activity and a large therapeutic index. In addition, such agents 
must be chemically stable and compatible with other agents. It is also important that any chemotherapeutic 
regimen be as convenient and painless as possible to the patient 

Since 1949 approximately 50 drugs have been introduced in the United States for the treatment of can- 
cers. These drugs have increased the survival of some cancer patients, particularly those with leukemias or 
20 testicular carcinoma. These drugs, however, are not generally effective against commonly occurring carcino- 
mas, especially lung, colon, and breast cancers. Also, the available cancer drugs have a high toxicity due to 
their lack of cancer cell selectivity. 

Several drug discovery strategies have been proposed to overcome the shortfalls of the current antic- 
ancer drugs. One strategy is to screen for drugs that are more effective against the commonly occurring car- 
25 cinomas. Another is to screen for drugs that regulate, or kill, tumor cells but not normal cells. For these drug 
development strategies to work, the pharmacological target must have several attributes. First, the target 
should be qualitatively different in neoplastic cells than normal cells. Second, the target must be essential for 
the maintenance of the cancer phenotype. Recent advances in the molecular biology of cancer now make it 
possible to identify pharmacological targets with these attributes. 
30 Over the past decade there have been significant advances in the enzymatic and chemical techniques 

used in molecular biology. With these techniques, investigators are now able to look at the genome of human 
cells and identify specific molecular differences between normal and transformed cells. 

Proto-oncogenes are genes that have been found to differ in normal and transformed cells. These are a 
discrete set of normal genes which are activated into transforming oncogenes, and are thought to cause a 
35 wide variety of human cancers. A variety of oncogene products have been identified. These gene products 
include growth factors, growth factor receptors, protein kinases and guanosine triphosphate binding proteins. 
All of these gene products are potential targets for new anticancer drugs. 

The proto-oncogenes can be classified either by the function and the cellular location of their encoded 
proteins, or by the mechanisms that cause their activation to transforming oncogenes. For the discovery of 
40 anticancer drugs with high tumor selectivity, the latter classification scheme is more appropriate because it 
more easily identifies biochemical targets that are qualitatively different from normal cells. 

Some proto-oncogenes are activated to an oncogenic phenotype by the increased or deregulated expres- 
sion of a normal gene. Proteins encoded by these oncogenes are quantitatively, but not qualitatively, different 
from the normal protein. Such oncogene products are generally not suitable targets for new antineoplastic 
45 drugs due to the decreased basis for tumor selectivity. 

Other proto-oncogenes are activated to cellular oncogenes by qualitative mechanisms that produce spe- 
cific somatic mutations. The proteins encoded by these oncogenes have different structures and biochemical 
properties from the proteins encoded by the normal genes. These proteins represent biochemical targets that 
are qualitatively different from those in normal cells and are, therefore, definite targets for anticancer drugs 
50 that are selectively toxic to tumor cells. 

The present invention provides novel compounds of Formula II 
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wherein: 

R 5 and R 6 are independently selected from the group consisting of hydrogen, carboxy, amide, substi- 
tuted amide, heterocyclic amines, nitro, halo, hydroxy, hydroxy(C 1 -C 3 alkyl), C r C 3 alkoxy, -0-C(0)-R f , -C{0)- 
NRaR h and -NR'R), wherein R f , Ra, R h , R", and RJ are independently selected from the group consisting of hy- 
drogen, and C^Cg alkyl, said alkyl being either branched or straight; or together form an alkylimidazole or ben- 
zyl group; and 

R 7 and R 8 are independently selected from the group consisting of hydrogen, halo, amino, nitro, dime- 
thylamino, methylamino, trifluoromethyl, and C r C 3 alkyl; or together form a C 4 -C 7 aryl; 

provided that at least one of R 5 and R 6 is not hydrogen and that at least one of R 7 and R 8 is not hydrogen; 
and pharmaceutical^ acceptable salts or solvates thereof. Such compounds are especially preferred in the 
treatment of susceptible neoplasms in mammals. 

The series of 7H-benzimidazo[2,1-a]benz[de]isoquinolines compounds reported herein are useful in the 
treatment of various cancers, especially those cancers which arise from the activation of oncogenes. Many 
such isoquinolines are known in the art. Certain of these compounds are known to possess qualities suitable 
for their use as dyes and pigments and have been used as such. More recently, several derivatives have been 
described as being useful as epoxy hardeners and as thickening agents for grease. In addition, compounds 
of the general structural type as those of this invention have also been shown to be useful as immune regu- 
lars. J. Campbell, et aL, U.S. Patent 4,670,442, issued June 2, 1987. 

As used herein, the term "halo" refers to fluoro, chloro, bromo and iodo. As used herein the "C^Ce alkyT 
refers to branched or straight chains of 1 to 6 carbon atoms or cyclic rings of 1 to 6 carbon atoms. As used 
herein, the term "aryl" refers to carbocyclic groups such as phenyl. 

Certain substituted 7H-benzimidazo[2,1-a]benz[de]isoquinoline-7-ones are named and numbered ac- 
cording to the Ring Index, The American Chemical Society, number 5818, as follows: 
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so and processes of their preparation are taught in the literature. 

Okazaki and co-workers describe the preparation of 10- and 11 -substituted compounds as represented 
by Formula II wherein R 1 and R 2 are hydrogen and one of either R 3 or R 4 is methyl, met hoxy, or chloro. Okazaki, 
et al. t Journal of the Society of Organic and Synthetic Chemistry, Japan , 13:80, 175, 228 and 413(1955). In 
a similar manner the synthesis of similar compounds wherein one of either R 3 or R 4 is chloro, methyl, amino, 

55 or nitro has been described. Arient and Marhan, Collection of Czechoslovakian Chemistry Communications , 
28:1292(1963). 

Each of the above two references utilizes the same two genera! processes of preparation. The first proc- 
ess employs the reaction between a substituted 1 ,8-naphthalic acid anhydride of Formula IV and appropriately 
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substituted o-phenylenediamines of Formula V 



0^ ^O^ ^.0 
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wherein R 1a , R 23 , R 3a and R 4a are either equivalent to R 1 , R 2 , R 3 and R 4 , respectively, or can be converted to 
these moieties using standard techniques. 

The substituted phenyl enediamines are either prepared and isolated or formed in situ from the appropriate 
o-nitroaniline precursor. The in situ preparation may be done prior to the introduction of the anhydride or in 
the presence of the anhydride. 

Generally a slight molar excess of the naphthalic anhydride is reacted with the substituted o-phenylene- 
diamine, optionally in the presence of acid-binding agents. The reaction is usually performed in water option- 
ally acidified with catalytic amounts of acid, or in a solvent such as acetic acid, ethanol, N,N-dimethylforma- 
mide or N-methylpyrrolidone. 

The reaction is complete after several hours at elevated temperature, preferably at about 80°C to about 
150°C. 

The second process produces an intermediate N-substituted-naphthalimide of Formula VIII from the re- 
action of a substituted naphthalic anhydride of Formula IV with the appropriately substituted o-nitroaniline of 
Formula VII 
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wherein R 1a , R 2 *, R 3a and R 4 * are either equivalent to R 1 , R 2 , R 3 and R 4 , respectively, or can be converted to 
these moieties using standard techniques. 

The resulting compounds of Formula VIII can be converted to compounds of Formula I by chemical re- 
duction and condensation. Heating for several hours to effect cyclization of the imidazole ring is generally re- 
quired only in those cases with kinetically particularly disadvantageous conditions. The reaction conditions 
employed by this second process are very similar to those of the first process. 

Both processes were employed by Papenfuhs and co-workers who described the reaction of o-phenyle- 
nediamines and o-nitroanilines with 3,6-dihydroxynaphthalic acid anhydride to prepare 2,5-dihydroxy conge- 
ners of the compounds of Formula III. T. Papenfuhs, et aL, U.S. Patent 4,097,450, issued June 27, 1978. 

It has been recognized that the second process utilizing o-nitroanilines is superior to the first process 
when the corresponding o- phenyl enediamine reaction can and does result in two isomers. For example, Oka- 
zaki, et al. t demonstrated a 42:58 ratio of 10- to 11-chloro isomers when 3,4-diaminochlorobenzene was re- 
acted with naphthalic anhydride. Conversely, pure isomers could be obtained when the appropriately substi- 
tuted o-nitroanilines were first reacted with the anhydride which was followed by chemical reduction and con- 
densation. Okazaki, et al. , supra at 41 3. 

Campbell and Lavagnino describe a process for preparing 10- or 11-trifluoromethy1-7H-benzimidazo[2,1- 
a]benz[de]isoquinolin-7-one which comprises first reacting naphthaiimide with a 4- or 5-trifluoromethyl-sub- 
stituted o-nitrohalobenzene in an inert solvent in the presence of an alkali metal carbonate or hydroxide to 
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form the intermediate N-substituted naphthalimide. J.B. Campbell and E.R. Lavagnino, U.S. Patent4,413,126, 
issued November 1, 1983. The intermediate is then reduced using means such as catalytic hydrogenation, or 
chemical reducing agents such as zinc or iron dust in the presence of an acid, to produce the compounds of 
interest Id. 

5 Generally, the naphthalimide is allowed to react in the presence of 1.0-1.5 molar equivalents of base and 

1-2 molar equivalents of the o-nitrohalobenzene, although other ratios may be used. The reaction between 
the naphthalimide and the trifluoromethyl-substituted o-nitrohalobenzene is generally performed at temper- 
atures from about 50°C to about 200°C, with the range of about 140°C to about 160°C being most preferred. 
Suitable solvents are those which are inert to the reaction process and are appropriate for the temperature 
10 desired, such as diglyme, N,N-dimethylformamide, dioxane, and the like. The solvents should be essentially 
free from water to minimize any undesirable interaction with the o-nitrohalobenzene reagents. 

Bases which are capable of forming the naphthalimide salt are employed; preferred are alkali metal car- 
bonates and hydroxides such as potassium carbonate and sodium hydroxide. Small amounts of alkali metal 
halides, such as potassium fluoride or potassium iodide, serve to catalyze the reaction and it is, therefore, de- 
15 sirable to have such compounds present in the reaction mixture to facilitate the reaction process. 

An especially preferred process for preparing the products described in U.S. Patent 4,413,126, discussed 
supra involves first reacting a substituted naphthalimide with potassium hydroxide in ethanol under nitrogen 
to produce the potassium naphthalimide of Formula IX 
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The reactants are usually combined at a ratio of 1.5 - 2.5 moles of potassium hydroxide per one mole of the 
substituted naphthalimide. The potassium naphthalimide is then reacted with a substituted o-nitrofluoroben- 
zene to form the intermediate N-substituted naphthalimide which is then reduced as described supra . Unlike 
the process described in U.S. Patent 4,41 3,126, the reaction of the potassium naphthalimide and the o-nitro- 

35 fluorobenzene is performed using very mild heat or at room temperature. 

Naphthalic anhydride and naphthalimide are commercially available. The o-nitrohalobenzene, o-nitroani- 
line, and o-phenylenediamine compounds which are required as reactants are either commercially available 
or can be prepared by the known methods of amination, halogenation, nitration, or reduction of suitable aro- 
matic precursors. The required benzotrifluoride reactants can be prepared by the fluorination of the corre- 

40 sponding benzoic acids with sulfur tetrafluoride. 

The compounds of the instant invention are usually prepared as a mixture of regioisomers which can then 
be separated using conventional techniques, if desired. 

The present invention includes methods employing the pharmaceutical^ acceptable salts of the Formula 
I compounds as well as the pharmaceutical^ acceptable salts of the Formula II compounds. The pharmaceut- 

45 ically acceptable acid addition salts of this invention include salts derived from inorganic acids such as hydro- 
chloric acid, nitric acid, phosphoric acid, sulfuric acid, hydrobromic acid, hydroiodic acid, and the like, as well 
as salts derived from strong organic acids such as aliphatic and aromatic sulfonic acids. Such pharmaceuti- 
cal ly acceptable salts thus include sulfate, nitrate, chloride, bromide, iodide, benzenesulfonate, tduenesulfon- 
ate, chlorobenzenesulfonate, xylenesulfonate, methanesulfonate, propanesulfonate, naphthalene-1-sulfon- 

50 ate, naphthalene-2-sulfonate, methyl p-toluenesulfonate, and the like salts. 

Some of the Formula I and II compounds can react with basic materials such as alkali-metal or alkaline- 
earth-metai hydroxides, carbonates, and bicarbonates including, without limitation, sodium hydroxide, sodium 
carbonate, potassium hydroxide, calcium hydroxide, lithium hydroxide, etc. to form pharmaceut ically accept- 
able salts such as the corresponding sodium, potassium, lithium, or calcium salt. Organic bases can also be 

55 used, including primary, secondary, and tertiary alkyl amines such as methylamine, triethylamine, and the 
like. 

The terms and abbreviations used in the instant examples have their normal meanings unless otherwise 
designated. For example, "°C" refers to degrees Celsius; "N" refers to normal or normality; "mmol" refers to 

5 
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millimole; "g" refers to gram; mL" means milliliter; "ul" refers to microliter, "M" refers to molar or molarity; and 
"m.s." refers to mass spectrometry. 

The following examples further illustrate the preparation of the compounds of the present invention. 

5 Example 1 

Preparation of 5-(dimethylamino)-1 H,3H-naphtho[1 ,8-cd]pyran-1 ,3-dione. 

3-Nitro-1,8-naphthalene dicarboxylic acid anhydride (0.1 mole, 24.3 g) and 25 g of formaldehyde (0.246 
mole) were dissolved in a mixture of 100 mL of tetrahydrofuran and 300 mL of ethyl alcohol. To this mixture 

10 was added 5 g of 5% palladium on activated carbon and the mixture was pressurized with 60 p.s.i. of hydrogen 
in a Parr Hydrogenation apparatus. The reaction mixture was then shaken at 60°C for 2 hours at which time 
the theoretical amount of hydrogen was taken up. After cooling to room temperature the solid that had sepa- 
rated along with the mixture was refluxed in N,N-dimethylformamide until the title product was in solution. 
The catalyst was collected on a filter. The title product separated from the cooled filtrate in 55% yield. MP 

15 228-229°C, m.s. 241 (M + ) 
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Analysis for: CnH^NC^ 




C 


H 


N 


Calculated: 


69.70 


4.60 


5.81 


Found: 


69.68 


4.73 


5.59 



Example 2 

Preparation of the regioisomeric compounds: 2-(dimethylamino)-10-nitro-7H-benzimidazo[2,1-a]benz[de]iso- 
quinolin-7-one; 2-(dimethylamino)-11-nitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; 5-(dimethyla- 
mino)-10-nitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; and 5-(dimethylamino)-11-nitro-7H-benzi- 
midazo[2,1-a]benz[cte]isoquinolin-7-one 

A mixture of 5-(dimethylamino)-1H,3H-naphtho[1,8-cd]pyran-1,3-dione (2.41 g, 10.0 mmol) and 15.3 g 
(0.1 mole) of 4-nitro-1 ,2-phenylenediamine was refluxed in 250 mL of N,N-dimethyiformamide for 24 hours. 
The prescription mixture was cooled and the solid that separated was collected and washed with methanol to 
provide a 65% yield of the four title regioisomers. m.s. 358 (M + ). 
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Analysis for: C^H^N^ 
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Calculated: 


67.03 


3.94 


15.63 


Found: 


66.83 


4.04 


15.43 



Example 3 

Preparation of the regioisomeric compounds: 10-amino-2-(dimethylamino)-7H-benzimidazo[2,1-a]benz 
[cfe]isoquinolin-7-one; 11-amino-2-(dimethylamino)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; 10- 
amino-5-(dimethylamino)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; and 11-amino-5~(dimethylami- 
no)-7H-benzimidazo[2,1 -a]benz[cfe]isoquinolin- 7-one. 

A Parr Hydrogenation flask containing 9 grams (25.1 mmol) of a mixture of the compound products of Ex- 
ample 2 in 140 mL of tetrahydrofuran, together with 1 g of 5% palladium on activated carbon was shaken at 
room temperature overnight at an initial pressure of 60 p.s.i. It was then heated at 40°C for 1 hour. After cooling 
to room temperature the solid and catalyst that separated were collected and refluxed in N,N-dimethylforma- 
mide until the solid went into solution and the catalyst could be removed by filtration. The filtrate was then 
cooled. The red solid that separated from the cooled filtrate was collected and recrystallized from N,N-dime- 
thylformamide to provide a 33% yield of the mixture of 4 regioisomers. m.s. 328 (M + ). 
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Analysis for: C2oH 16 N 4 0 
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Calculated: 


73.15 


4.91 


17.06 




Found: 


72.80 


5.06 


16.70 



Example 4 

Preparation of the regioisomeric compounds: 2-nitro-10-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[de]iso- 
quinolin-7-one; 2-nitro-11-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[o'e]isoquinolin-7-one; 5-nitro-10-(tri- 
fIuoromethyl)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7^ 
dazo[2,1-a]benz[de]isoquinolin-7-one. 

4-amino-3-nitrobenzotrtfluoride (0.15 mole, 30.9 g) was hydrogenated to the diamine in methanol under 
60 p.s.i. using Raney nickel catalyst in a ParrHydrogenation apparatus. The catalyst was removed by filtration. 
The filtrate and 0.15 mole (36.5 g) of 3-nitro-1 ,8-naphthalene dicarboxylic acid anhydride were heated for 48 
hours at 180°C. The solid that separated was recrystallized from tetrahydrofuran to yield a mixture of the four 
title regioisomers. 41% yield, m.s. 383 (M + ). 



Analysis for. C 19 H 8 F3N 3 03 
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Calculated: 


59.54 


2.10 


10.96 


14.87 


Found: 


59.79 
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11.00 


15.00 



30 Example 5 

Preparation of the regioisomeric compounds: 5-amino-10-trifluoromethyl-7H-benzimidazo[2,1-a]benz[de]iso- 
quinolin-7-one; 5-amino-11-trifluoromethyi-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; 2>amino-10- 
trifIuoromethyi-7H-benzimidazo[2 t 1-a]benz[de]isoquinolin-7-one; and 2-amino-11-trifluoromethyl-7H-benzi- 
35 midazo[2,1-a]benz[de]isoquinolin-7-one. 

The 4 regioisomers of Example 4 (42.1 g, 0.11 mole) were hydrogenated in 950 mL of tetrahydrofuran at 
ambient temperature for 4 hours at 60 p.s.i. using 8 g of 5% palladium on activated carbon as catalyst . After 
removal of the catalyst and solvent, the title products were recrystallized from a 3:1 solution of tetrahydrofuran: 
methanol. The yield was 76%. m.s. 353 (M + ). 
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Analysis for C 19 H 10 F3N3O 
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Calculated: 
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2.85 


11.89 
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Found: 


64.77 


2.61 


11.68 


15.89 



Example 6 

50 

Separation of the compounds of Example 4. 

The mixture of product regioisomers of Example 4 was separated into the individual compounds by careful 
preparative HPLC chromatography using a gradient. The instrument used was a Waters Associates Prep LC 
System 500. The separated isomers were identified by high resolution NMR techniques. 

55 
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Example 7 

Preparation of 5-amino-1Q-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7~one. 

5-Nitrch10-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[cye]isoquinolin-7-one (4.15 g, 0.0108 mole) was 
5 dissolved in 95 ml_ of tetrahydrof uran. One gram of 5% palladium on activated carbon was added and the mix- 
ture hydrogenated at 60 p.s.i. at ambient temperature for 2 hours. More tetrahydrofuran was added as some 
solid product had separated out of the reaction. The mixture was boiled and filtered hot to remove the catalyst. 
Upon cooling, a 53% yield of the title product was collected, m.s. 353 (M + ). Melting point 282°C-283°C. 



Analysis for: C 19 H 10 F3N3O 
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Calculated: 


64.59 


2.85 
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Found: 


64.54 


2.72 
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Example 8 

Preparation of 5-amino-11-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one. 

5-Nitro-11-(trifluoromethyl)-7H-benzjmidazo[2,1-a]benz[de]isoquinolin-7-one (7.66 g, 0.02 mole) was dis- 
solved in 90 of tetrahydrofuran. One gram of 5% palladium on activated carbon was added and the mixture 
hydrogenated at 60 p.s.i. at ambient temperature for 11/2 hours. During this reduction the temperature exo- 
thermed to 45°C. The mixture was filtered and the product and catalyst were collected and heated in N,N- 
dimethylformamide. The reaction mixture was then filtered hot to remove the catalyst. The N,N-dimethylfor- 
mamide filtrate was chilled overnight and the title product was collected in a 52% yield. Melting point 279°C- 
280°C. m.s. 353 (M + ). 



Analysis for: C 19 H 10 F3N 3 O 
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Calculated: 


64.59 
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Found: 
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Example 9 

Preparation of 2-amino-10-(trifluoromethyl)-7H-benzimidazo[2,1-a]benzf</e]isoquinolin-7-one. 

2-Nitro-10-(trifluoromethyl)-7H-benzimidazoI2,1-a]benz[cfe]isoquinolin-7-one (3.5 g t 9.1 mmol) was dis- 
solved in 95 ml_ of tetrahydrofuran. One gram of 5% palladium on activated carbon was added and the mixture 
hydrogenated at 60 p.s.i. for 1 hour at ambient temperature. The temperature exothermed to 35°C during this 
time. The catalyst was removed by filtration and the filtrate allowed to stand until crystals separated. The crys- 
tals were collected providing an 88% yield of the title product. Melting point 279°C-281°C, m.s. 353 (M*). 



Analysis for. C l9 H 10 F 3 N 3 O 
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Calculated: 
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Found: 


64.49 
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55 Example 10 

Preparation of 2-amino-11-(trifluoromethyl)-7H-benzimidazo[2 t 1-a]benz[o / e]isoquinolin-7-one. 

2-Nitro-11-(trifluoromethyl)-7H-benzimidazo[2 t 1-a]benz[de]isoquinolin-7-one (4 g, 10.4 mmol) was dis- 
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solved in 95 mL of tetrahydrof uran. One gram of 5% palladium on activated carbon was added and the mixture 
hydrogenated at 60 p.s.i. for 1 hour at ambient temperature. The catalyst was removed by filtration and the 
f i Itrate allowed to stand overnight. The next day a 65% yield of the title product was collected as a solid. Melting 
point 264°C-265°C. 
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Analysis for: C 19 H 10 F3N3O 
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Found: 


64.37 
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11.76 



Example 11 

15 

Preparation of the regioisomeric compounds: 3-nitro-10-chloro-7H-benzimidazo[2 r 1-a]benz[o , e]isoquinolin-7- 
one; 3-nitro-11-chloro-7H-benzimidazo[2 t 1-a]benz[c/e]isoquinolin-7-one; 4-nitro-10-chloro-7H-benzimida- 
zo[2,1-a]benz[de]isoquinolin-7-one; and 4-nitro-11-chloro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one. 
4-Nitronaphthalic anhydride (24.3 g, 0.1 mole) was slurried in 600 mLof acetic acid. The 4-nitronaphthalic 
20 anhydride was prepared in substantial accordance with known procedures. See, e.g. , L Jones, etaL, Canadian 
Journal of Chemistry , 48:3132 (1970). The slurry was heated to reflux and 14.3 grams (0.1 mole) of 4-chloro- 
o-phenylenediamine, dissolved in 200 mL of hot acetic acid, was added. After five minutes the solution dark- 
ened and a precipitate began to form. The solution was refluxed for 6 hours and was then allowed to cool over- 
night. The tan precipitate (29.8 g) was collected and dried, m.s. 349 (M + ). 
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Analysis for: C 18 H 8 CIN 3 03 




C 


H 


N 


Calculated: 


61.82 


2.31 


12.02 


Found: 


62.04 


2.56 


12.08 



Example 12 

Preparation of the regioisomeric compounds: 2-[(2-methylpropyl)amino]-10-chloro-7H-benzimidazo[2,1-a] 
benz[de]isoquinolin-7-one; 2-[(2-methylpropyt)amino]-11-chloro-7H-benzimidazo[2,1-a]benzIde]isoquinolin- 
7-one; 5-[(2-methylpropyl)amino]-10-chloro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; and 5-[(2-me- 
t hyl propyi)amino]- 1 1 -chloro-7H- benzi midazo[2, 1 -a]benz[de]isoquinolin-7-one. 

3-Nitro-1,8-naphthalic anhydride (24.3 g, 0.1 mole) was slurried in 500 mL of tetrahydrof uran. The C^ni- 
tronaphthalic anhydride was prepared in substantial accordance with known procedures. See, e.g. , L. Jones, 
et al, Canadian Journal of Chemistry , 48:3132 (1970). To this slurry was added 7.2 g (0.1 mole) of f-butyra!- 
dehyde. Five grams of 5% palladium on activated carbon was added and the mixture hydrogenated at 60 p.s.i. 
overnight at ambient temperature. The catalyst and solvent were removed. The 3-(2-met hyl propyl)amino- naph- 
thoic anhydride was recovered and then washed with acetone. 

A slurry of 3-(2-met hyl propyl) am ino-naphthalic anhydride (13.5 g, 50 mmol) in 100 mLof tetrahydrof uran 
was heated to reflux and 7.1 grams (0.05 mole) of 4-chloro-o-phenylenediamine was added. After five minutes 
the solution darkened and a precipitate began to form. The solution was refluxed for 21 hours and was then 
allowed to cool. The reaction mixture was then poured into cold water. The mixture of title compounds was 
then recrystallized from acetone. The mixture was collected and dried, m.s. 375 (W ); 
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Analysis for: C 2 2H 18 CIN30 




C 


H 


N 


Calculated: 


70.30 


4.83 


11.18 


Found: 


70.02 


4.76 


10.95 



Example 1 3 

Preparation of the regioisomeric compounds: 3-(pentylamino)-9-nitro-7H-benzimidazo[2,1-a]benz[de]isoqui- 
nolin-7-one; 3-(pentylamino)-12-nitro-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; 4-(pentylamino)-12- 
nrtro-7H-benzimjdazot2,1-a]benz[de]isoquinolin-7-one; and 4-(pentylamino)-9-nitro-7H-benzimidazo[2,1-a] 
benz[de]isoquinolin-7-one. 

In 300 mL of absolute ethanol were added 25 g (0.16 mole) of 3-nitro-1 f 2-phenylenediamine and 38 g (0.16 
mole) of 4-chloro-1,8-naphthalic anhydride. This mixture was heated to 180°C and maintained at this temper- 
ature for about 16 hours. The solid precipitate, a mixture of 3-(chloro)-9-nitro-7H-benzimidazo[2,1-a]benz 
[de]isoquinolin-7-one; 3-(chloro)-12-nitro-7H-benzimidazo[2,1-a]benz[cfe]isoquinolin-7-one; 4-(chloro)-12- 
nitrch7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; and 4-(chloro)-9-nitro-7H-benzimidazo[2,1-a]benz 
[de]isoquinol in- 7-one was collected and recrystallized from N,N-dimethylformamide. 

To a solution of 150 of N,N-dimethylformamide and 25 mLof triethylamine were added 18.1 g (0.05 mole) 
of the regioisomeric mixture prepared above and 8.7 g (0.1 mole) of 1-aminopentane. This slurry was heated 
to 180°C and was maintained at this temperature for about 12 hours, after which time the reaction mixture 
was poured into a bath of cold water. The solid was collected and recrystallized from acetone, giving a 47% 
yield of the mixture of the title compounds, 
m.s. 400 (NT); 



30 



Analysis for. C23H20N4O3 




C 


H 


N 


Calculated: 


68.99 


5.03 


13.99 


Found: 


68.76 


5.14 


14.29 



35 

Example 14 

Preparation of the regioisomeric compounds: 2,12-diamirK>-10^c^loro-7H-benzimidazo{2,1-a]benz[de]isoqu 
40 7-one; 2,9-diamino-11-chlc>ro-7H-benzi^ 5,9-diamino-11-chloro-7H-benzi- 
mkJazo{2,1-a]benz[de]isoquinolin-7-one;and 2,12-diamino-10^l«x>7H-benzimidazo[2,1-a]benz[o / e]isoquinolin- 
7-one. 

To a solution of 400 mL of absolute ethanol were added 3-nitro-1,8-naphthalic anhydride (24.3 g, 0.1 
mole) and 3-nitro-5-chloro-1,2-phenylenediamine (18.8 g, 0.1 mole). This solution was heated to 180°C and 

45 was kept at this temperature for about 16 hours. The solid precipitate, containing a mixture of the regioisom- 
ers 2,12-dinitro-10-chloro-7H-benzimidazo[2,1-a]benz[o'e]isoquinolin-7-one; 2,9-dinitro-11-chloro-7H-ben- 
zimidazo[2,1-a]benz[de]isoquinol in- 7-one; 5,9-dinitro-11-chloro-7H-benzimidazo[2,1-albenz[de]isoquinolin- 
7-one; and 2,12-dinitro-1O-chloro-7H-benzimidazo{2 l 1-a]benz[d0]isoquinolin-7-one was collected. 

The crude mixture collected supra was then suspended in 500 mL of tetrahydrofuran. To this slurry was 

50 added 10 g of palladium on activated carbon. This reaction mixture was incubated under hydrogen purge (60 
p.s.i.) at room temperature for about two hours. The slurry was then heated to 60°C and was incubated at this 
temperature for about 2 hours. The catalyst was then removed and the solid precipitate, containing the mixture 
of the title compounds, was recrystallized from acetone, m.s. 334 (M*); 
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5 



Analysis for: C 18 H 11 CIN 4 0 




C 


H 


N 


Calculated: 


64.58 


3.31 


16.74 


Found: 


64.37 


3.55 


14.95 



Table 1 describes the substitution pattern of many of the compounds of Formula I which were prepared 
and used for subsequent testing. Column 1 provides the number to which the compound is referred in subse- 
quent tables. Columns 2-5 describe the substitutions at positions 2, 5, 1 0 and 11 on the multiple ring structure. 
Column 6 depicts other substitutions on the multiple ring structure. The absence of a substituent group listed 
at a particular ring position indicates that hydrogen is bound at that position. The ring positions are numbered 
as indicated below: 
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55 The present invention also provides a method of treating a susceptible neoplasm in a mammal which com- 

prises administering to a mammal in need of said treatment an effective amount of a compound of Formula I: 
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wherein: 

R 1 and R 2 are independently selected from the group consisting of hydrogen, carboxy, amide, substi- 
15 tuted amide, heterocyclic amines, nitro, halo, hydroxy, C r C 3 alkyl, hydroxy(C r C 3 alkyl), C^-C^ alkoxy, O 
C(0)-R a , -C(0)-NR b R c and -NR d R e , wherein R a , R b , R c , R d , and R* are independently selected from the group 
consisting of hydrogen, and C r C 6 alkyl; or together form an alkylimidazole or benzyl group; and 

R 3 and R 4 are independently selected from the group consisting of hydrogen, halo, amino, nitro, dime- 
thylamino, methylamino, trifluoromethyl, and C r C 3 alkyl; or together form a C 4 -C 7 aryl; 
20 provided that at least one of R 1 and R 2 is not hydrogen; and further provided that at least one of R 3 and 

R 4 is not hydrogen; or a pharmaceutical^ acceptable salt or solvate thereof. 

Preferred methods of treatment employ compounds of Formula I in which R 1 and R 2 are independently 
selected from the group consisting of hydrogen, dimethylamino, methylamino, amino, and nitro; and R 3 and 
R 4 are independently selected from the group consisting of hydrogen, nitro, chloro, fluoro, trifluoromethyl and 
25 amino. 

In particular, the present compounds are useful in treating solid tumors including carcinomas such as ovar- 
ian, non-small cell lung, gastric, pancreatic, prostate, renal cell, breast, colorectal, small cell lung, melanoma, 
and head and neck; and sarcomas such as Kaposi's sarcoma and rhabdomyosarcoma. These compounds 
have been shown to be especially effective against those carcinomas and sarcomas which arise from activa- 
30 tion of the ras oncogene. 

Many of the compounds of Formula I have been shown to be effective antineoplastic agents using both 
in vitro and in vivo model test systems. 

For some of the in vitro and in vivo test systems, normal rat kidney epithelial (NRKE) cells [J. DeLarco 
and G.J. Todaro, Journal of Cell Physiology , 94:335 (1978)] were employed. Stock cultures of these cell lines 
35 were obtained from the American Type Culture Collection and are readily available. Both cell lines were grown 
in antibiotic-free Dulbecco's high glucose Modified Eagle's Medium supplemented with 10% fetal bovine ser- 
um. 

The cell number of the NRKE cell line was expanded by 5 passages and stored in liquid nitrogen. These 
cryopreserved cells were used for the methods described below. AJI cell lines were grown using standard cell 
40 culture methods. R.I. Freshney, Culture of Animal Cells: A Manual of Basic Technique , p. 127 (2d ed. 1987). 
AH cell culture manipulations were done under gold fluorescent light to prevent damage by photo-oxidation. 

Initially, NRKE cells transformed by the ras K and ras H were used to determine the selective cytotoxic action 
of compounds on ras-transformed epithelial cells. Only transformants with a minimal deviation phenotype 
were used. Transformants with this phenotype have a low oncogene copy number and in vitro growth char- 
ts acteristics the same as nontransformed NRKE cells. These criteria were chosen so that compounds were eval- 
uated for antitumor activity, rather than anti-growth activity based on the rate of cell division. 

The procedure used to create the ras oncogene-transformed NRKE cells for this study employed plasmids 
pUCEJ6.6 [ATCC 41038, described in Molecular and Cellular Biology , 5:1400-1407 (1985)], containing a trans- 
forming human ras M gene, pKSma [ATCC 41048, described in Biochemical and Biophysical Research Com- 
50 munications , 1 08:1631-1637 (1982)], containing a v-ras K gene and the RSV neo gene. These plasmids were 
obtained from the American Type Culture Collection, Rockville, Maryland and are freely available to the public. 
NRKE cells were co-transfected with an oncogene plus the RSV neo gene using standard calcium phosphate 
coprecipitation and neomycin resistance selection methods. See , e.g. , LG. Davis, etal. , Basic Methods in Mo- 
lecular Biology , p. 285 (1986). The neo gene provides resistance to antibiotics such as neomycin and its ana- 
55 logs. 

Approximately 14 days after transfect ion and selection using the antibiotic G418 (geneticin), a neomycin 
analog, colonies were isolated by the ring cloning procedure. Freshney, supra . The clones were stored in liquid 
nitrogen after expansion of their cell number by 4 passages in medium supplemented with G418. 
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Approximately 50 clones were evaluated by several criteria for their use in the in vitro cytotoxicity and in 
vivo antitumor tests described below. The clones KNRK [ATCC CRL 1569, described in J. Gen. Virol. 13: 245- 
52 (1971)], transformed by v-ras K gene, and EJ/1.2-NRKE, transformed by the human ras H gene, were em- 
ployed in the in vitro cytotoxicity and in vivo antitumor testing. These clones have 3 to 4 oncogene copies that 
5 are stably integrated. The in vitro doubling time of these cells is 24 hours, which is the same as NRKE cells. 

Adenocarcinomas were produced in female CD1 nu/nu nude mice approximately 3 days after the subcu- 
taneous implantation of 1 x 10 8 cells. These tumors grow with a doubling time of 24 hours. In contrast, no 
tumors were produced in nude mice up to one year after the subcutaneous implantation of 108 parent NRKE 
cells. 

10 

In vitro cytotoxicity assay 

The compounds of Formula I were screened for antitumor activity with an oncogene-based Differential 
Cytotoxicity Assay. With this assay the cytotoxic action of compounds against oncogene transformed cells 

15 relative to their action against the nontransformed parent epithelial cells was determined. For the evaluation 
of compounds, the Lewis lung carcinoma was used as a murine reference tumor. This tumor is commonly used 
in screens for new oncolytics. 

The Differential Cytotoxicity Assay can identify compounds that interact directly with oncogene proteins, 
but more importantly it is designed to find compounds that interfere with the biochemical pathways activated 

20 or driven by oncogenes. The inhibitory action in both cases may be specific for a transformed cell. 

Briefly, the procedure used for the Differential Cytotoxicity Assay is as follows. Cell suspensions were pre- 
pared by trypsin dissociation and the cells were seeded into each well of 12-well culture dishes. Groups of 
triplicate wells were divided into media control, drug vehicle-control and drug treatment groups. One day after 
seeding, the media was replaced with media containing vehicle or drugs and the cultures incubated for an ad- 

25 ditional 5 days. After exposure to the vehicles or drugs, the cultures were washed, fixed and stained with a 
modification of Mallory's stain. K.C. Richardson, et al. , Stain Technology , 35:313 (1960). 

Colony number and colony area were determined with an image analyzer such as that produced by Artek 
System Corp., Farmington, NY (Artek model 982 image analyzer). The cytocidal action of the compounds was 
determined from the colony number using standard techniques. T.T. Puck and P.I. Marcus, Journal of Exper- 

30 i mental Medicine , 103:653 (1 956). Colony areas were normalized for colony number and were used to deter- 
mine if a compound had cytostatic activity. 

Table 2, infra , depicts the results of one such series of in vitro cytotoxicity studies. Column 1 provides the 
compound numbers as detailed in Table 1, supra . In these initial screens, usually a mixture of isomers was 
used, even though the individual isomers may first be separated using known methods. Columns 2, 3 and 4 

35 depict the relative cytotoxicity of the different benzimidazobenzisoquinolones. The cytotoxicity was measured 
by counting the number of colonies in the negative control plates relative to the number of colonies in the treat- 
ed plates for the three cell lines listed, normal rat kidney epithelial cells (NRKE), rasMransformed rat kidney 
epithelial cells (KNRK), and the well studied Lewis Lung carcinoma (3LL). Unless otherwise indicated, all of 
the treated samples were exposed to a 33nM concentration of the benzimidazobenzisoquinolone. 

40 
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Table 2 

In Vitro Evaluation of the Differential Cytotoxicity of 
Benzimidazobenzisoquinolones 



Relative Cytotoxicity 
(Treated/Control ) 



Compound No . r 


NRKE 


KNRK 


3LL 


1-4 


1.00 


0 


.01 


0.00 


38-41 


0.21 


0 


.05 


1.29 


42-43 


1.25 


0 


.00 


0.00 


44-47 


0. 61 


0 


.39 


0.00 


48-51 


0.17 


0 


.01 


0.01 


48-51* 


0.81 


0 


.00 


0.80 


65-68 


0. 69 


0 


.54 


0.60 


52-55 


0.17 


0 


.02 


0.12 


56-59 


1.16 


0 


.45 


0.49 


60-63 


0.87 


0 


.00 


0.31 


9,64* 


0.94 


0 


.00 


0.94 


9,64** 


1.25 


0 


.35 


1.05 


73-76 


0.52 


0.00 


0.00 


10-13 


1.19 


0 


.80 


0.64 


69-72 


0.95 


0 


.74 


0.09 


81-84 


1.00 


0 


.11 


0.57 


77-80 


0.39 


0 


.09 


0.01 


85-87 


0.89 


0.23 


0.05 


88-91 


1.17 


0 


.69 


0.02 


92-95 


0.54 


0 


.09 


0.03 


96-99 


1.30 


1 


.16 


0.00 


100-103 


0.58 


0 


.20 


0.43 



indicates that a mixture of compounds was used (e.g. 56-59 

indicates that a mixture of Compound Numbers 56, 

57, 58 and 59 was used) . 
♦indicates that an equimolar mixture of Compound Numbers 9 

and 64 was used. 
* Indicates that the test compound was present at a 

concentration of 3.3 JIM. 

Only those compounds that demonstrated substantial cytocidal activity in this primary screen were eval- 
uated further in the animal tumor models described below. The concentration for a 50% cell kill (LC50) was 
determined, and a differential index of cytotoxicity was determined by dividing the LC50 value for the normal 
epithelial cells by the LC50 value for the tumor cells. The differential index value is used to determine the 
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amount of selective toxicity a compound has for the tumor cells. One example of such a study is shown in 
Table 3. 



5 Table 3 



Differential Toxicity of the Individual Isomers of 
Compounds 34-37 and the Mixture of these Isomers Against 

10 

NRKE And KNRK 



Compound LC5Q (UM) Differential 
15 No ( s ) . NRKE KNRK Index* 



34-37* 


18 


3 


0.26 


70 


4 


34 


>33 


3 


0.065 


>512 


3 


35 


>33 


3 


0.35 


>95 


1 


36 


12 


5 


0.11 


113 


6 


37 


>33 


3 


1.59 


>2 0 


9 



♦Differential Index = LC50 NRKE/LC50 KNRK 
25 indicates a mixture of the compounds depicted by the 
range. 

In vivo antitumor assay . 

30 

Female CD1 nu/nu nude mice were obtained from Charles Rivers, Inc. The animal procedures used were 
those standard in the field. See e.g. , R. L Merriman, et al. , Cancer Research , 49:4509 (1989). Briefly, the 
animals were housed in plastic shoebox-type cages covered with a microisolator top. All animal feed, water, 
bedding and cages were sterilized. Food and water were provided ad libitum . 
35 All animal manipulations were done with sterile procedures in a 1 00% exhaust, vertical laminarflow, HEPA 

filtered hood. To maintain consistent tumor growth, only mice between 4 and 6 weeks of age were used. Mer- 
riman, etaL, supra . 

Transformed cells, obtained by ras oncogene transfection of NRKE cells (KNRK), were grown as xenograft 
tumors in female CD1 nu/nu mice. Transformed cells grown In vitro to the seventh passage were used to es- 
40 tabllsh the xenografts. 

An animal tumor model was used to further evaluate the antitumor activity of compounds that have cy- 
tocidal activity in the Differential Cytotoxicity Assay. Tumors were initiated by the subcutaneous implantation 
of 1 x 1 0 6 cells approximately 1 cm from the first mammary gland. After implantation the mice were randomized 
and divided into treatment groups of between 7 and 10 mice per group. Starting one day after tumor implan- 
45 tation, the mice were dosed with drug daily for 10 days, usually intra peritoneally. 

On day 11, tumor mass was determined essentially as described by J.F. Worzalla, et al. , Investigational 
New Drugs , 8:241-251 (1990) using digital electronic calipers interfaced to a microcomputer. Tumor weights 
were calculated from these measurements using the following formula: 

Tumor weight (mg) = tumor length (mm) x^[tumorwidth(mm)P 

Alternatively, tumor weights can be calculated using the procedures taught by Tomayko and co-workers. M.M. 
Tomayko, and CP. Reynolds, Cancer Chemotherapy and Pharmacology , 24:148 (1989) 

At least one control group of an equal number of mice was treated with the same volume of the carrier 
only. The percent inhibition of tumor growth was calculated from the ratio of the tumor mass for the drug treat- 
55 ed animals relative to the tumor mass for the control group of animals. All animals were weighed at the be- 
ginning and end of treatment to determine if inhibition of tumor growth was due to weight loss. 

Table 4 provides one example of the type of testing done in vivo using the KNRK xenograft model. A mixture 
of the compounds of Examples 34-37 was administered by one of the three routes detailed in column 2: in- 
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traperitoneally (IP); orally (PO); or subcutaneously (SC). Column 3 describes the dosage level of the compound 
in milligrams per kilogram of body weight. Column 4 describes the percent inhibition of tumor growth. Column 
5 tallies the number of mice which died during the course of the experiment relative to the total number of 
animals in that group. 



Table 4 



10 



15 



20 



In Vivo antitumor Activity of Compounds 34-37 Using Various 
Routes of Drug Administration 



Route 


Dosage 


Percent Inhibition 


Toxic/Total 


IP 


150 


95 ±6 


0/9 


IP 


300 


98 ±6 


2/10 


PO 


150 


67 ±19 


0/10 


PO 


300 


89 ± 10 


0/10 


SC 


150 


89 ±9 


0/10 


SC 


300 


95 ±6 


0/10 



25 



Table 5 depicts additional in vivo studies using the KNRK xenograft model described supra . In these stud- 
ies, different compounds were employed to demonstrate the antineoplastic activity of the compounds of this 
invention. 



30 



35 



40 



45 



50 



55 
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Table 5 

Antitumor Activity Of Benzimidazobenzisoquinolones in the 
KNKK Xenograft Model 



Example Percent 



No ( s ) . T Dosage Inhibition Toxic/Total 





150 


98 


+ 


7 


0 /9 




_> w w 


ft Q 

o _7 


± 


1 0 


0 /9 


s 


50 


47 


+ 


J. _) 


0/9 




i no 




+ 


q 


n /q 


c 

u 


t on 




+ 


z, j 


0 /9 




9 no 




+ 


£ j 


n /q 


7 


i no 




+ 


? n 






z u u 


7 R 


+ 


1 C. 
x O 


n / q 


V X J *J VJ ** .7 / 




79 


+ 


X o 


0 / Q 


8 


50 


81 


+ 


1 1 

X X 


0/9 


(213878) 


30 


7S 


+ 


X \J 


1 /9 

X / J 


9 


100 








9/9 


( 22852S-6- 


50 


91 


+ 


14 


0/9 


7-8) 


100 


91 


± 


23 


5/9 


10-13 












{253651-54} 


150 


89 


± 


4 


1/9 


14-17 


300 


93 


± 


4 


1/9 


{258150-1- 


150 


81 


± 


9 


0/9 


2-3} 


300 


88 


± 


6 


2/9 


22-25 












{264238-41} 


150 


96 


± 


4 


3/9 


26-29 


300 


94 


1 


3 


7/9 


{264394-5- 


150 


92 


1 


4 


0/7 


6-7} 


300 


93 


1 


4 


1/7 


30-33 













* a range of compounds (e.g. 34-37) indicates a mixture of 
the isomers depicted by that range. 

The results of several experiments in mice and in vitro demonstrated that many of the compounds of For- 
mula I are effective antineoplastic agents which serve to suppress tumor growth. 

The present invention also provides pharmaceutical formulations comprising an effective amount for treat- 
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ing susceptible neoplasms of the compounds of Formulas I and II in combination with a suitable pharmaceut- 
ical carrier, diluent, or excipient. These formulations are useful in the treatment of mammals suffering from 
susceptible neoplasms. These compounds can be administered by a variety of routes including oral, rectal, 
transdermal, subcutaneous, intravenous, intramuscular, and intranasal. These compounds are effective as 

5 both injectable and oral compositions. Such compositions are prepared in a manner well known in the phar- 
maceutical art and comprise at least one active compound. 

The pharmaceutical compositions of the present invention contain, as the active ingredient, the com- 
pounds of Formulas I and II associated with pharmaceutical^ acceptable carriers. In making the compositions 
of the present invention the active ingredient is usually mixed with an excipient, diluted by an excipient or en- 

w closed within such a carrier which can be in the form of a capsule, sachet, paper or other container. When the 
excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier 
or medium for the active ingredient. Thus, the compositions can be in the form of tablets, pills, powders, loz- 
enges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid 
medium), ointments containing for example up to 1 0% by weight of the active compound, soft and hard gelatin 

15 capsules, suppositories, sterile injectable solutions, and sterile packaged powders. 

In preparing a formulation, it may be necessary to mill the active compound to provide the appropriate 
particle size prior to combining with the other ingredients. If the active compound is substantially insoluble, it 
ordinarily is milled to a particle size of less than 200 mesh. If the active compound is substantially water solu- 
ble, the particle size is normally adjusted by milling to provide a substantially uniform distribution in the for- 

20 mulation, e.g. about 40 mesh. 

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum 
acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvi- 
nylpyrrolidone, cellulose, water, syrup, and methyl cellulose. The formulations can additionally include: lubri- 
cating agents such as talc, magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending 

25 agents; preserving agents such as methyl- and propyl hydroxy benzoates; sweetening agents; and flavoring 
agents. The compositions of the invention can be formulated so as to provide quick, sustained or delayed re- 
lease of the active ingredient after administration to the patient by employing procedures known in the art. 

The compositions are preferably formulated in a unit dosage form, each dosage containing from about 5 
to about 500 rng, more usually about 25 to about 300 mg, of the active ingredient The term "unit dosage form" 

30 refers to physically discrete units suitable as unitary dosages for human subjects and other mammals, each 
unit containing a predetermined quantity of active material calculated to produce the desired therapeutic ef- 
fect, in association with a suitable pharmaceutical excipient. 

The active compound is effective over a wide dosage range. For example, dosages per day normally fall 
within the range of about 0.5 to about 600 mg/kg of body weight. In the treatment of adult humans, the range 

35 of about 1 to about 50 mg/kg, in single or divided dose, is preferred. However, it will be understood that the 
amount of the compound actually administered will be determined by a physician, in the light of the relevant 
circumstances, including the condition to be treated, the chosen route of administration, the actual compound 
administered, the age, weight, and response of the individual patient, and the severity of the patient's symp- 
toms, and therefore the above dosage ranges are not intended to limit the scope of the invention in any way. 

40 

Formulation Example 1 





Hard gelatin capsules containing the following ingredients are prepared: 




45 


Ingredient 


Quantity (mg/capsule) 




10^AmirK>-2-(dimethylamino)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one 


250.0 




Starch 


305.0 


50 


Magnesium stearate 


5.0 



The above ingredients are mixed and filled into hard gelatin capsules in 560 mg quantities. 



Formulation Example 2 

55 

A tablet formula is prepared using the ingredients below: 
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InnroHionl 

if lyi cuiciii 


i nf if w ^ mn/tohlaf\ 
WUcJIluLy 1^1 1 ly/ldUlcly 


11-Amino-2-(methylamino)-7H-benzimidazo[2 ( 1-a]benz[de]isoquinolin-7-one 


250.0 


Cellulose, microcrystalline 


400.0 


Colloidal silicon dioxide 


10.0 


Stearic acid 


5.0 



The components are blended and compressed to form tablets, each weighing 665 mg. 



Formulation Example 3 

A dry powder inhaler formulation is prepared containing the following components; 



Ingredient 


Weight % 


10- Amino- 5-(dimethylamino)-7H-benzimidazo[2,1-a]benz[cfe]isoquinolin-7-one 
Lactose 


5 
95 



The active mixture is mixed with the lactose and the mixture is added to a dry powder inhaling appliance. 



Formulation Example 4 

25 

Tablets, each containing 60 mg of active ingredient, are prepared as follows: 



Ingredient 


Quantity (mg/tablet) 


11-Amino-4-(dimethylamino)-7H-benzimidazo[2,1-a]benz{^e]isoquinolin-7-one 


60.0 gm 


Starch 


45.0 mg 


Microcrystalline cellulose 


35.0 mg 


Polyvinylpyrrolidone (as 10% solution in water) 


4.0 mg 


Sodium carboxymethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1.0 mg 


Total 


150 mg 



The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S. sieve and mixed thor- 
oughly. The solution of polyvinytpyrrolidone is mixed with the resultant powders, which are then passed 
45 through a 16 mesh U.S. sieve. The granules so produced are dried at 50-60°C and passed through a 16 mesh 
U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 
30 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a tablet machine 
to yield tablets each weighing 150 mg. 

50 Formulation Example 5 

Capsules, each containing 80 mg of medicament are made as follows: 



55 
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Ingredient 


Quantity (mg/capsule) 


2-Amino-10-(chloro)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one 


80.0 mg 


Starch 


109.0 mg 


Magnesium stearate 


1.0 mg 


Total 


190.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 
mesh U.S. sieve, and filled into hard gelatin capsules in 190 mg quantities. 

Formulation Example 6 



Suppositories, each containing 225 mg of active ingredient are made as follows: 



Ingredient 


Amount 


2-Nitro-11-(trifluoromethyl)-7H-benzimidazo[2,1-a]benz[cfe]isoquinolin-7-one 
Saturated fatty acid glycerides to 


225 mg 
2,000 mg 



The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository mold of nominal 2.0 g capacity and allowed to cool. 

Formulation Example 7 



Suspensions, each containing 50 mg of medicament per 5.0 mL dose are made as follows: 


Ingredient 


Amount 


3-Methylamino-10-(fluoro)-7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one 


50.0 mg 


Xanthan gum 


4.0 mg 


Sodium carboxyrnethyl cellulose (11%) 




Microcrystalline cellulose (89%) 


50.0 mg 


Sucrose 


1.75 g 


Sodium benzoate 


10.0 mg 


Flavor 


q-v. 


Color 


q.v. 


Purified water to 


5.0 mL 



The medicament, sucrose and xanthan gum are blended, passed through a No. 10 mesh U.S. sieve, and 
then mixed with a previously made solution of the microcrystalline cellulose and sodium carboxyrnethyl cel- 
50 lulose in water. The sodium benzoate, flavor, and color are diluted with some of the water and added with stir- 
ring. Sufficient water is then added to produce the required volume. 

Formulation Example 8 

55 Capsules, each containing 150 mg of medicament, are made as follows: 
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Ingredient 


Quantity 
(mg/capsule) 


S-Dimethylamino-ll-^rifluoromethylJ-yH-benzimidazo^.l-albenzIdelisoquinolin-y-one 
Starch 

Magnesium stearate 
Total 


150.0 mg 
407.0 mg 
3.0 mg 


560.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 
mesh U.S. sieve, and filled into hard gelatin capsules in 560 mg quantities. 



Formulation Example 9 



An intravenous formulation may be prepared as follows: 



Ingredient 


Quantity (mg/capsule) 


11-AmirK>-5-(dimethylamino-7H-benzimidazo(2,1-a]benz[de]isoquinolin-7-one 
Isotonic saline 


250.0 mg 
1000 mL 



The solution of the above ingredients is administered intravenously at a rate of 1 mL per minute to a subject 
in need of treatment. 



Claims 

1. A compound of the formula 




wherein: 

R 1 and R 2 are independently selected from the group consisting of hydrogen, carboxy, amide, sub- 
stituted amide, heterocyclic amine, nitro, halo, hydroxy, C r C 3 alkyl, hydroxy(C r C3 alkyl), C r C 3 alkoxy, 
-OC(0)-R a , -C<0)-NR b R c and -NR d R e , wherein R a , R b , R c , R d , and R«» are independently selected from 
the group consisting of hydrogen, and (VCe alkyl, said alkyl being either branched or straight or cyclic, 
or together form an alkylimidazole or benzyl group; and 

R 3 and R 4 are independently selected from the group consisting of hydrogen, halo, amino, nitro, 
dimethylamino, methylamino, trif luoromethyl, thiocyanate, thioalkyl, sulfonyl, and C r C 3 alkyl; ortogether 
form a C4-C7 aryl; 

provided that at least one of R 1 and R 2 is not hydrogen and that at least one of R 3 and R 4 is not 
hydrogen; or a pharmaceutically acceptable salt or solvate thereof, for use in treating neoplasms. 

2. A compound as claimed in Claim 1 for treatring a neoplasm caused by the activation of an oncogene. 

3. A compound as claimed in Claim 2 wherein the oncogene is the ras oncogene. 

4. A compound as claimed in Claim 1 wherein at least one of R 3 and R 4 is selected from the group consisting 
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of -NH 2 , halo, C r C 3 alkyl, and trifluoromethyl. 

5. A compound as claimed in Claim 1 wherein at least one of R 1 and R 2 is selected from the group consisting 
of -NR d R* and halo. 

5 

6. A compound as claimed in Claim 5 selected from the group consisting of 10-amino-2-(dimethylamino)- 
7H-benzimidazo[2,1-a]benz[cte]isoquinolin-7-one; 11-amino-2-(dimethylamino)-7H-benzimidazo[2,1-a] 
benz[cfe]isoquinolin-7-one; 10-amino-5-(dimethylamino)-7H-benzimidazo[2,1-a]benz[o'e]isoquinolin-7- 
one; and 11>amino-5-(dimethylamino)-7H-benzimidazo[2,1-a]benz[c/e]isoquinolin-7-one. 

10 

7. A compound of the formula 



15 



20 




wherein: 

R 5 and R 6 are independently selected from the group consisting of hydrogen, carboxy, amide, sub- 
stituted amide, heterocyclic amine, nitro, halo, hydroxy, C r C 3 alkyl, hydroxy(C 1 -C 3 alkyl), C^Cj alkoxy, 
-0-C(0)-R f , -C(0)-NR9Rh and -NR'RJ, wherein R f , Ra, R h , R 1 , and RJ are independently selected from the 
group consisting of hydrogen, and C r C 8 alkyl, said alkyl being either branched or straight or cyclic; or 
together form an alkyl imidazole or benzyl group; and 

R 7 and R 8 are independently selected from the group comprising hydrogen, halo, amino, nitro, di- 
methylamino, methylamino, trifluoromethyl, and C r C 3 alkyl; or together form a C4-C7 aryl; 

provided that at least one of R 5 and R 6 is not hydrogen and that at least one of R 7 and R 8 is not 
hydrogen; or a pharmaceutical^ acceptable salt or solvate thereof. 

8. A compound as claimed in Claim 7 wherein at least one of R 3 and R A is selected from the group consisting 
of -NH 2 , halo, C r C 3 alkyl and trifluoromethyl. 

35 

9. A compound as claimed in Claim 7 wherein at least one of R 1 and R 2 is selected from the group consisting 
of-NR d R°and halo. 

10. A compound as claimed in Claim 9 selected from the group consisting of 10-amino-2-(dimethylamino)- 
40 7H-benzimidazo[2,1-a]benz[de]isoquinolin-7-one; 11-amino-2-(dimethylamino)-7H-benzimidazo[2,1-a] 

benz[cfe]isoquinolin-7-one; 10-amino-5-(dimethylamino)-7H-benzimidazo[2,1-a]benzlc/e]isoquinolin-7- 
one; and 11-amino-5-(dimethylamino)-7H-benzimidazo[2 > 1-a]benz[o'e]isoquinolin-7-one. 

11. A pharmaceutical formulation comprising a compound of the formula 

45 



50 




55 

wherein: 

R 1 and R 2 are independently selected from the group consisting of hydrogen, carboxy, amide, sub- 
stituted amide, heterocyclic amine, nitro, halo, hydroxy, C!-C 3 alkyl, hydroxy(C r C 3 alkyl), C r C 3 alkoxy, 
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-OC(0)-R a , -C(0)-NR b R c and NR d R e , wherein R a , R b , R c , R d , and R e are independently selected from 
the group consisting of hydrogen, and C r C 6 alkyl, said alkyl being either branched or straight or cyclic; 
or together form an a Ikyi imidazole or benzyl group; and 

R 3 and R 4 are independently selected from the group consisting of hydrogen, halo, amino, nitro, 
5 dimethylamino, methylamino, trifluoromethyl, and C r C 3 alkyl; or together form a C 4 -C 7 aryl; 

provided that at least one of R 1 and R 2 is not hydrogen and that at least one of R 3 and R 4 is not 
hydrogen; 

or a pharmaceutical^ acceptable salt or solvate thereof, as defined in Claims 1 to 5, associated 
with a suitable pharmaceutical excipient 

10 
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